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Elsctrosynthesis of orgenic compounds has long intereated investe
igators, but up to the present time has seldoa had practical applicatiom
in suitable production .ezmm-; However, its anmual musber of pube
lished works is exceedingly high,

The maxy investigations and particularly the new American works
show little intersct in the thecry or mechaniss of eleatrode processes
OF even in the detailed analysis of all reacticn procucts, Pollowing
the early olassical works of Blbs abd Eaber on the electrereduction of
nitrobensens. are only a few through studies on the theery of electrode
processes,

In this work, we attempt to contribute to the theory of the cathode
process, by relating electrosynthesis behavior and, asnwiy 4 curves of
current density versus cathode potential bneresse sation|euswes,

- The method of polurluatios eurves stiLl plays an important Tole in eleotroe
chenmistry, especially for electro-metallurgical processes.

To solve this problems, we will use the elsatrode preocess, which
has been thoroughly studied from the chemical standpoint, and compare
the polarisation ourves with the behavicr of the chemical transformaticns.
To fulfill this aim, we consider the electroreduction of oxalie aecid.

The elsotroreduction of oxalic acid is used in industry to produce

‘ glyoxalic acid HO,0+CHO, which is used to obtain vanillin und vanillal
for the perfumery and confectionary industries,

Several methods of obtaining glyoxalic acid are deseribed in literature.
Tafol and Priedrichs (1) reduced oxalic acid on lead and mroury cathodas
and noted the advantage of the mercury cathode, on which higher yields o
glyoxalio acid were cbtained. The reduction on the lead uthoﬁ. was con=

.
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ducted at 10° with & curreat of 4 amperes in 50 wl of 10 percent sulfurie

acid, containing 10 grams of oxalie acids The yleld of glyoxalic actd

in the first 30 mimutes wes oqual to 100 percent with respact to the our

ront and foll to 50 percent in the next 30 rizutes; thereafter the yleld
Quickly fell to 1.5 peroent aiJ contimued to deorease slowly, Similar
rosults Rave been obtained by several other authors,
During reaction, the catholyte is heated considerably by the gurrent..
AL temperatures of 40 degrees and hirher, however, several cbeervers
found glycolic acid in the catholyte = a product of the further reducticn
of glyoxalio acid. In the reduoticn produsts Baur (2) diseovered form-
aldehyde, which formed from the glyoxal by thc-‘m of the carbon
chain, Averi and Dales (3) decoribed the reduction of oxalie

iron cathode in an aquecus solution. In this process, the soluticn is

aeid on an

heated to the boiling point and glycolia aoid, HOIO'OHQDII. 1s cbtained,
At present, the method with meroury and lead-amalgam cathodes is used
in aust cases to produce glyoxalie acid. There 18 2120 elsedroshomicsl
produels.on of glyoxalie aocld in the Soviet Undon,

By studying hydrogen overvoltage on meroury electrodes in various
acid solutions, Gerasimenko disooversd by the polarographic method the
reduation of pure oxalie acid on Gey tovakiy's drop eleotrode.

In connection with his theory of hydrogen overvoltage, he considered
that the main process in the reduction is the reaction betwesn a hypo-

thetical negative ion H' and the oomplex H'( (azo‘ﬂa)‘, the existence of
which, howeyer, remains unproven.

Electrolytic redustion of oxalis acid on an amalgamated lsad cathode
was conduoted under conditions approximating those used in production.
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6, The process in the electrolyser and the shapes of the polarisation
curves were correlated, —
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(1) Ber., 37, 2189 (1904) = (2) 2. Elektroch., 25, 102 and £f, (119)=s
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overcharge or discharge of the separste polar groups of cxalic acid, ass
result of which glyoxalic acid forms. This assumption, however, is atill
in need of additional proef. '

Sonclusicna
1, The oxpefimental investigation vas conducted in order to study
the process of electroreduction of oxalio aolid to glycxalio aoid in the
electrolyser. The shape of the polarisation curves was studied, sinoe

these also thet'tho various stages of the athode process.

2. The electroereduction was carried cut mainly on lead or lead-
amalganm cathodes with various electrolyte concentrations (i.e., cxalle and
sulfurdd acid) and for varicus temperstures.

. 3, With the aid of indole md forric ohloride, qualitative reactims
were made on glyoxalic and glycolie acids while olectrolysis progressed
in the electrolyser and while the polarisation curves were obtaimed.

4+ It was established that when the first traces of glyoxalic acld

sppeared, o nhavactaristic digoontiruity or abrupt change in the path of
the polarization curves was cbaurved for definite E'send l’\nk)'l in
"ihe region of unstable state", The given Seghtmiappeared under all
different conditions oreated although its configuration changed more cr

e ————  ————

less, depending upon acnditions.
5, When cathodes of platinum, eopper, nickel, graphite and stainless

i

steol were used for the same electrosyntbesis no reduction products were

digoovered, and only hydrogen was liberated. In agreement with this, the
polarisation curves for platinum, cepper, and stesl were of the form pace
uliar to the process of hydrogen 1iberaticn. The ourve for nickel represente

U R

ed only a certain middle portion of the ourve for hydrogen. In graphite

ey "lﬂ-
’

I~ some unexpected processes, not clear for the time being, a8

i indicated by the positive values of all cathode potentiale.
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a lewer £5 20,05 and alee ended at & 7 « 0,5, which s also lower than
in the case of the lead cathode, Bven at & 8 20,05, the employment of
indole revealsd traves of glyostalio aold.
Lo (o R \
Next, polarisation ourves M/';/, pt 5| Cu
were obtained on cathodes of . " I t e
o } | ﬁz:z e 7.
platimun, copper, nickel and ot | e sipture of
i ‘ " eatheds nnverin/
stainless stesl, which does not | f " pper cathede
4 , / Arieatsan
give glyoxalic acid (according to - ol [NV aspe. »
¢ £ | o sper f T
: the literature and cur verifying y L / } ‘/:o'r’;':ﬂ;/’ ’{,« ‘
| experiments), The corresponding ) } | .92 5Cs +*
p , . i
;fw( ourves are shown in Pigure 9. =W ’/u 26% CaMly.
#l £ “":.:: cpmeakizde
ALl of these are quite difs AU TIwa G <62 M o -

ferent from the curves for lead and its amalgam and suggest the simpls curves
obtained when detersining potentials during the liberation of hydrogen md
otber gases, where depolarisers and seccndary chemical processes do not
oxist,

These cbservations agree completely with the fact that reduction
products on these cathodes are not been cbserved, It 1» true that on the
‘ i initial seiments of the curves (m = n), slight deviations from o sncoth
o ‘ | path are observed, but this can be explained by the influence of the adsorp-

i
T

| tion on the metal of some traces of reduction products which were not re-
} voaled by the indicatcrs. .
The different effects in lead and lead-amalgam cathodes, on one hand,

‘ and on other electrodes, on the other hand, Al possidlyyconnscted with the

fact that the overvoltage AEB is very high on the r'ii-n electrodes in com=
parison with the latter ones. It is possidle that the process of L;ohtiu
hydrogen on the lead and mercury is much more difficult owing to the high
AE and the cuthode process expresses itself in this case in a slight

e]l0=
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Therefore, it might be assunsd that cml_r the glycolic acid emerges in
quantities too smell te be shown by the reactics, or that some other com
plicated process oceurs,

The primary and main product, MO acid, is easily discovered
in all cases by its resction with indole even in the first ninute of
olactrolysis in eleciromynthesis (raspberry tint, semsitivity 111,000),
and at the poizts b of the curves. When the conoontration of oxalie or
sulfuric acid is lowered, the characteristic poculiaritien of the curves '
in "the region of instability” lbod. are maintained, Only the dimensions

of beo change slightly, as is ! ‘e
9,
shown 4n Pigurs 7, ; 7t B e
! ‘ -
B. Elshroreduction on sk
Sathides 2 Cther Netals. ¢r
8ince pure lead was used for &
the cathodes in all the praceding :_
* experiments in seoticn A, we cone ak
ducted experiments in the electro= | Figure ' [
SEPRN DU T | LA ..\
lyser to cbtain polarisation curves| ——bim- 0 'S6li ol A ik,

CaYhiods ! Ph! Tm 0% ; ton/’ar/v‘:w: Mo
for other metals, ’-/rrfr-/;ﬁ- + A% HiSOy T L285% Cutf oy

For anotber example of a ¢athods on which glycxalic acid was well
synthesised, we took amalgamated lead and the fine reputation of thln elactrode
vas fully confirmed by cur experiments., The lead was amalganated by ime
mersing the lead in mercurcus nitrate roum,g i:y
rinsiog and rubhing with & clean aloth, | of |2 Mg,

The ourves cbtained also re- I
vealed & "sone of instability,”
abod, with a general character
suggeetive of that for the lead

cathode (Pigure 8), the difference
being only that the some began at
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the cathode or in the surface of the lead cathode 1tsel?, which was pole
ished to a luster with emery paper (degreased with bensene before electro-
lysis and ot its luster during electrolysis,

To solve the problem, the following oxperinent were conducted. During
the emergonce of tﬁa-nuomd above,,the cathede was Quickly replaced by
8 Dew one, vith the help of which further eleotrolysis was contimued for
the construaticn of the polarimation curve. This curve is shown in Fige
ure 6, in which we note a more complex set of ourves in the "region of
unstable state", The point s denctes those valuos of £ and Dy (and also
current densities) at which the electrodes were changed) . ,

Ageording to the figure, starting froa that point, the .".’v’.’.‘-'.”.’or
urve 1 is altogether different from the initisl shape of the curve and :
shows that the basic character of the process did nct change toward sinme ¢
Plification of the ourve with the introduction of the new cathode; 1,04, ’ v
‘ the unstable state was maintained. Analysis of the catholyte did not X .
. : " roveal lead in it, which indicates the abaence of those interactions
A which would have been conmected with its desolving,

Most prebable of all, therefore, is the assumption that the complex ’
..  ' configuration of the curves is dus to the appearance of new subatances !
| |

|
i
i-
i

in the solution itself. It might be nt

assumed that at the higher teme nr {2, ampfdin®

porature, that 1s at 40°, gly. : i

colic aoid emerged, 4.e,, a pro- »

duet of further reduchion, How- ¢

over, the qualitative reaction §

with the ferric ohloride sol- :

ution did not yleld the corresps . 2

onding eolor (u desp yollow tint), | ! | l !

P T 7
Eigure 4. Cethode :Pb; T Yooc s
= 8 o Compasitien of electrolyte 1 349, HySOp=+
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A continuous rise of the ourve without points of iaflsotion up to
4 -ao}% follews; higher current
densities wore not used.

The solid curve in Pigure 4
ahows the oatbode process for a
lewer temperature (9-10°), This
produces a pietase which ip for
the most part identical with that
ahown in Figure 3, as there are
sectors on both, noted by the
letters s, b, ¢, d. There are
only slight deviations in the di-

~ P w®t G0N =3B

e .'. FI WO W T S S S S §
g,/ 26,2 *6J r ) Af "A9 =/8
© 01/ 26,1 0] 4 AT hé AT F

monsions of these charasteristics Fioure 8, Cathede : 7.

_—L___ 7-- ’.c'
sectiona, The dotted line (the Com, /0,,,',4,-,,, yaﬂ@,m/,;‘, ;
Taturn path) gives a rathor blur. 307 M50+ 250 G M lp

red ploture of the behavior of this process.
From Figure 5, the picture of

the phenomens btecones complicated at

40% This ourve also has the point s,

~
-
-

r ¢.’i W'y o

but at b, alse for =0.3 volts, appears

* a sharp peak after which the curve

‘ falls %6 & minimm o and then rises

3 smoothly. The emergence of the

peak, corresponding to a certain

Iregion of unstable state," apparent-

1y must be explained by somerstmmpt

change either in the sclution around ]
-u.‘z ' [7] ‘-:.:' -o"v' e

—
£ S, (athode : Ph } Twyo®Cy compose
iion of eloetrolyte i 3.9% HiSoe =+ 1.5 TeGilley,

-
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Discontinuties in the ourves for lead oathodes forces cne to assum
the existence of aomplex olectroreduction processes and perkaje several
chenical reacticns. Upon ralsing the oathode potential to 0,3 volt, one
cbserves a fairly substantial upvard jump in ourrent density on all eurves.
But the rise in current density was of short duration, o=t~ -

Pigure 2 - Plan of arransenest for recording polarisation ourves - Reprafucs !

drawing on p, 340 "’M !-‘- WY PR Al TN (| )|
K-cathods, A=anode (grapnitd), Betube for hydrogen which atirs cathoe

iyte, T-thermostat, KE =calomel semioell (saturated), B'direct current

L supply, N and Nepotentioneter ternirale, A8 Titer a silght drop th suse -~ —
rent density was again cbserved, In a lhonw*or the curve showing |
8 rise in cathode potential (approximately frem 0,3 to 0,7-0.8 vhlts),
instability in the ourves was noted,

Lot us make a few cbservations Qonoerning the characteristics of the ’ i
fellowing curves selected as repressntative of the various groups of curves. L —

The ourves shown by solid lines represent observations under rising cate
hode potentials (forward or Lnanuinc“%), and dotted lines represmt
! the successive drop of potentials on the abscissa (return or deoreasing behavior), |
oo ‘ : I /17 At <y, ’
i : Piqure 3 shovs that the |
g ‘ ourve at first rises more or |
i less smoothly and then i(py)
Jumps abruptly around & = =6,3
volt between points a and b,
.m“};\i'h“. ourve 1is almost par= '
allel with the abscissa in the |
i ‘ sactor begy and th'%/:‘“urp e
- ascent of the ourve, slightly ' mon now e ‘“—:’
3 complicated by the bend at d, ! Ligure 3. (othnde: Pb.
|
|

S . =~
e« I N

T

R R LR

7T =/8°C,
Compos: Pobn o a/ﬁer‘n/y o:

3.9% #5304 +2.83Ce e,

“anf »
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The presence of glysolie aold, which under certain gonditicns rges
during electrolysis, was not disgovered uader the eonditions of our synthesis
(with the aid of ferric chlcride, whioh should reast with it to produce
& deep yellow tint)., Olycolic aolid was met cbserved when the catholyte

vas beated o 40° or even 90°, Very stallar results wers obtained on pure
lead,

The following factors which influence the cathode process were
studied:
1) effect of cathods materisl,

2) effech of temperatures (10°, 20°, and 40°) , I
3) effect of oxalic and sulfuric sotd concentration.

To deternine the role of eathode material, polarisation curves were

obtained for lead cathods and amalgasated lead and also fer aopper, graphite, ’ ’
nickel, and iron electrodes and stainless stasl ssthods. We studlcd ik :

' varicus electrodes, although the literaturs notes only the feasibility o
pure and amalgamated lead and also of the meroury cathode,

A Adtude of Polarisation Curves Obtained for s lesd Cathode ¢
An electrolyte of the following composition was used to obtain the ;
polarisation ourves: .

398 B804 2.5% %0, «

The oatholyte was mixed with the aid of hydrogen bubbles, uniforaly
. - distributed through the solution, The plan showing the arrangement of
oquippent for cbtaining the ourves is shown in HMgure 2,

-5.
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The glyoxalic acid obtained is determined by introducing inte
catholyto sample fixed quantities of blsulfite followed by titration
with dodine of bisulfite, which is not combired with this acid.
Table 1 gives data on the solubllity of cxalic acid, Table 2 shows
the time behavior of the catholyte during electrolysis. .

| Tadble 2
' |
No,of hours No, of millie !No.millie- No.of millie No,of millie ' Output of
from stert  liters of liters of liters of I liters of  glyoxalle
of experi=  catholyte tak- MNaH80) n¥1,07 2 glyoxalle ' acid with
mnt " on for analy- n® 1,285 aold devels respesst to
s, . . SPAng | CWTTERC .
| 2 7.7 5.67 2,04 ml
1.48 grans
2 2 5.4 3.0 2,04 ml
l . 1.48 grans
i} 3 2 5.4 246 2,61 ad
4 H 5.4 246 2,68 ml
L L 5 2 5,14 215 3,00 ml ’
* ; 2.22 grams '
T ; 6 2 54l 1.5 2,36 grams 8287 I
i ' " 2 5.1 ) 2.36 grama 5,628 [
. |
8 2 5.4 1.8 5.45% ‘
;
: E Olyoxalic acid appears in the first mimute of electrolysis, as can

be shown with indole, with which it gives a raspberry tint in eongentrated

sulfuric acid (semsitivity of reaction 1:11000), The amount of glyoxalie
acid increases for five hours and then remains almost unchanged during

- further electrolysis.

e e
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A chemical 1.9=1iter breaker scrved
as the electrolyser) & luad oylinder

field is separated froa that of the ¢
cathode by & ceramic diaphragn (D). \

The ocathode is an amalgamated lecd plate [ ¢
with a surface area of 0.85 square
decimoter. The catholyte is stirred
by & glass agitater (M). The electre-
lyser is cooled extarnally by a mix=
ture of ice and salt. The catholyte
is additicnally cooled by ocold
water, admitted through a glass coil
under the cathode. Thus, the teme

Pig 1«Diagranm of electrolyser
for reduction of oxalic acid.

K=gathode A=anode
D-diaphragn Meagitator
T-thermostat
Z-008ling coil

1s the azode (A =Pig 1), The anode R L

Reproduce drawing on p.2)8 of taxt.

perature of the caliolyte is beld ab 16°, which is the best fur wynthesis,

The composition of the anolyte Table 1 |

18 11 perosnt K80, {volume 500 mm). eolubﬁlg. :f/ﬁm“‘.l:a aeid
The initial composition of the cath=- ! Semporatire uzo ozuzo -2!20
olyta 18 3.9 poroent K80, (volume | | ;.6 4 5':
200 mm,) The aguecus oxalic acid | 100 5.3 8.0
n,cao‘-guzo has an initial cone ‘ 20° 0.2 1.9
centration of 2.5 perocent, The i

! 40° 22.8 35.0

voltage on the electrolyser is
7.5 volts, The ourrent is 2 amperes.
The cathode current density is 2.35

amperes per square decimeter.
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